1. Introduction
===============

Type 2 diabetes (T2D) and its related obesity comorbidities are a significant and growing public health problem [@B1], [@B2], [@B3]. Factors responsible for the increased prevalence of T2D have been the target of many studies. Family history, excess of body fat, and physical inactivity have been linked to T2D [@B4].

Excess of adiposity, specifically in the central region (i.e. visceral adiposity), is strongly associated with the prevalence of T2D, the increase of the peripheral insulin resistance, and the decrease of glucose sensitivity [@B5]-[@B10].

Lifestyle characteristics, such as leisure time physical activity has been inversely related to T2D and metabolic syndrome [@B3], [@B11], [@B12]. A similar inverse association with the risk for T2D has been documented regarding cardiorespiratory fitness (CRF), which is developed and maintained by regular exercise practice independently of age [@B12]-[@B16].

Increasing age is associated with a greater prevalence of impaired glucose tolerance and T2D [@B17], [@B18]. There is an interaction of many factors associated with aging which may contribute to the impaired glucose tolerance observed in elderly individuals. These factors include: increased general and central adiposity, decreased physical activity, medications, comorbidities, and insulin secretory dysfunctions [@B19], [@B20], [@B21].

Although many studies have examined the association between adiposity, physical activity or CRF with T2D, only a few studies have specifically targeted elderly women. Furthermore, the influence of exercise practice on the prevalence of T2D in elderly individuals is still unclear [@B11], [@B14], [@B15], [@B22]. Therefore, the objective of this study was to analyze the association of general and central adiposity, cardiorespiratory fitness and exercise practice with T2D in elderly Brazilian women.

2. Methods
==========

Design
------

The present study was conducted in the city of Curitiba -- Paraná, Brazil. The subjects of this study were elderly women that were participating in community groups, randomly selected, in the entire city. Subjects were invited to participate in this investigation from the groups selected, and after receiving a detailed clarification of the procedures involved in this research, including benefits and possible risks, subjects signed the informed consent, indicating their participation as voluntary.

The sample was composed of 1,059, non-institutionalized, women, aged between 60.0-88.8 years (mean 69.5; SD 6.1). Subjects were predominantly white, and were classified as low or middle socio-economic level**,** 50.0% reported presence of hypertension, 44.0% reported family history of cardiovascular disease, and 4.8% were current smokers.

With the objective to avoid the influence of circadian variations, all the assessments were conducted, between 08:00 and 10:00 am. Furthermore, the participants were instructed not to ingest any food two hours before the tests, as well as to avoid any vigorous physical activity for 24 hours preceding them. All assessments were conducted at the Physiology Laboratory of the Exercise and Sport Research Center of the Universidade Federal do Paraná.

The study protocol was approved by the Ethics Committee of the Universidade Federal do Paraná, according to the norms established in the Resolution 196/96 of the National Health Council concerning research involving human subjects.

Measurements
------------

In order to avoid inter-examinator variability, all anthropometrics measures were obtained by a single trained examiner. Body mass, height and waist circumference were assessed. Body Mass Index was calculated for each subject.

A 6-min walk test was administered to assess cardiorespiratory fitness [@B20]. The test was performed on a 54.4 m rectangular course (18.0 m length x 9.2 m width). The maximum distance walked in 6 minutes was recorded for each subject [@B23].

The exercise practice was determined by the *Modified Baecke Questionnaire for Older Adults* proposed by Voorrips et al [@B24]. This questionnaire is composed of three sections: household activities (domestic physical activity -- DPA), sports activities (exercise physical activity -- EPA) and leisure time activities (leisure physical activity -- LPA). The EPA score was used to classify subjects as "active" or "inactive". All examiners were trained in administering the questionnaire to control for inter-examiner variability.

Socioeconomic level was determined by a validated national socioeconomic questionnaire. Participants reported family history of cardiovascular disease (yes or no) and smoking status (current smoker or not). Hypertension was categorized as blood pressure measured by a physician, where systolic blood pressure exceeded 140 mmHg, and diastolic blood pressure exceeded 90 mmHg. Participants also reported the presence of T2D (yes or no) previously diagnosed by a physician.

Statistical analyses
--------------------

The *Kolmogorov Smirnov* test of normality was used to determine that the distribution of the sample data was parametric. Logistic regression analysis was used to determine the association of general and central adiposity (BMI and WC), cardiorespiratory fitness (CRF), and EPA classification with T2D. T2D was treated as a dichotomous variable (yes/no). BMI cutoff points were used in the univariate analysis, and WC and CRF were divided into quartiles. Odds Ratio (OR) and their 95% confidence intervals (95%CI) were calculated using age (treated as a continuous variable) and adjusted-models, which included the potential confounders\' variables -- socioeconomic status (treated as a continuous variable), hypertension, family history of cardiovascular disease, and smoking status (all treated as a dichotomous variable). The subsequent models were created with the purpose to analyze the isolated association of each independent variable of this study with T2D. To investigate the combined effect of exercise practice and central adiposity with T2D, the following joint WC and active/inactive variable were created based on both quartiles of WC and EPA classification: WC ≤ 80cm Active and WC ≤ 80cm Inactive, WC 80.1 -- 86.9cm Active and WC 80.1 -- 86.9cm Inactive, WC 87 -- 93.9cm Active and WC 87 -- 93.9cm Inactive, WC ≥ 94cm Active and WC ≥ 94cm Inactive. The WC ≤ 80cm Active group was the reference. The significance level was established a priori at p \< 0.05 for all analysis.

All analyses were performed using *Statistical Package for the Social Sciences* (SPSS, version 13.0) *for Windows*.

3. Results
==========

The prevalence of T2D in the sample was 16%. Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} show the results of the univariate logistic regression analysis, demonstrating the isolated association of each independent variable with T2D. When considering general adiposity, the prevalence of T2D was greater in obese women (22.3%). There was a direct association between the odds ratio for T2D and the increase of BMI. Overweight women had an odds ratio of 1.5, and obese women had an odds ratio of 2.28. When analyzing the association of central adiposity with T2D, the results indicated that only 6.6% of women in the lowest WC quartile reported having T2D, whereas the prevalence of T2D in the highest WC quartile was almost four-folds higher. Women in the highest quartile of WC had an odds ratio of 3.76 for T2D, after all adjustments.

The inverse association between CRF with T2D is shown in table [2](#T2){ref-type="table"}. Women in the lowest CRF quartile (\>330.8 m) had an odds ratio of 2.09 when compared with those in the highest CRF quartile. Women classified as inactive had a greater odds ratio for T2D when compared with active women, with an OR of 1.5.

The joint effect of exercise practice and central adiposity is shown in Figure [1](#F1){ref-type="fig"}. Active women had a lower odds ratio for T2D when compared with inactive women. Furthermore, active women that presented values between 80-86 cm for WC had an odds ratio of 0.82 (95%CI 0.11-6.25) for T2D. However, for the same WC range (80-86 cm) inactive women had an odds ratio of 4.1 (95%CI 0.92-18.11). In addition, inactive women that had higher central adiposity values (WC ≥94.0cm) had an elevated odds ratio for T2D (OR 5.8; 95%CI 1.32-25.39).

4. Discussion
=============

The prevalence of T2D has been the focus of recent research in many countries, however, there are no recent investigations involving the Brazilian population. The last available data in Brazil was published in 1998, showing that the prevalence of diabetes was 17.4% for elderly (60-69 years), and 7.6% for males and females subjects with 30-69 years [@B25]. Therefore, the findings of this study highlight the importance to investigate the factors associated with T2D that can help Brazilian health professionals to amplify their knowledge about this matter, and thus influencing them to develop new strategies involving primary and secondary prevention.

The findings presented here are supported by other investigations which showed that general and central adiposity as well as physical inactivity can increase the risk for T2D. On the other hand, CRF is inversely related to T2D. In addition, this relation has also been noted between CRF with other clinical conditions such as obesity, metabolic syndrome, cardiovascular and coronary heart disease [@B3], [@B11], [@B13]-[@B15], [@B22], [@B26]-[@B28].

A representative American research that focused on a similar approach was the Medical Expenditure Panel Survey (MEPS) that collected socio-demographic and health status data from approximately 68,500 adults from U.S., with the purpose of verifying the prevalence of obesity, inactivity and T2D. The results of the MEPS project showed an increase in the prevalence of T2D with aging, in which 15.9% males and females subjects aged 70 years or older had T2D. In addition, a positive relation was found between BMI with T2D, whereas an inverse relation was noted with an "active" lifestyle. Active subjects, even when overweight or obese (classes I, II and III), had a lower risk for T2D [@B3]. Weinstein et al [@B11] also found that general adiposity and physical activity are independent predictors of the prevalence of T2D. The combined analysis using BMI and "active" or "inactive" categories showed greater hazard ratios in inactive subjects for all BMI categories, as well as a progressive increase in the hazard ratio for each BMI category, with higher values for obese and inactive subjects (HR 11.8; 95%CI 8.75-16.0).

It is well established that the increase of body mass leads to an increase of the risk for T2D and cardiovascular diseases (relative ratio of 1.76; 95%CI 1.16-2.67, and relative ratio of 1.32; 95%CI 1.107-1.62; p\<0.01, respectively); conversely, it seems that a decrease in body mass could reduce this risk [@B28]. For this reason, it is expected that people who engaged in regular exercise practice tend to present a lower odds to have T2D, by maintaining their body weight and CRF than those that have an inactive lifestyle [@B22].

Furthermore, the positive impact of an active lifestyle on the presence of other clinical conditions is widely reported. Franks et al [@B14] reported a strong inverse relation between both physical activity energy expenditure (PAEE) and CRF with metabolic syndrome, indicating that the maintenance of higher physical activity levels could act as a primary prevention for metabolic diseases, whereas low CRF is associated with the increased risk for cardiovascular diseases mortality. On the other hand, high CRF decreased the risk for metabolic syndrome in approximately 65-75%. High CRF can be considered a protective effect to premature death, independent of general adiposity or the presence of metabolic disturbs [@B13], [@B22], as well as it could attenuate the risk for metabolic syndrome independent of central adiposity [@B27].

Additionally, an inverse relation between metabolic disturbs with physical activity level was reported by Laaksonen et al [@B15]. Unfit individuals, who engaged in vigorous physical activity for less than ten minutes per week, were at a higher risk for metabolic syndrome when compared with fit individuals who engaged in at least 60 minutes per week of vigorous activity.

These previous studies reflect the consensus in the scientific literature about how excess of adiposity adversely affects health status, and how physical activity and CRF are beneficial even for individuals with excess of fatness [@B3], [@B22], [@B27]. Regular exercise practice can result in a positive modification in fitness and body composition, consequently, contributing to a decrease in the risk for T2D, other morbidities and mortality.

Diabetes incidence in people with advanced age is increasing at an alarming rate [@B1]-[@B3], and for this reason the screening of high-risk individuals such as elderly women is critically important because it allows better understanding, monitoring of this condition and comorbidities associated with it. Elderly people who have diabetes could become more vulnerable to other chronic conditions associated with metabolic and cardiovascular dysfunction, such as high levels of triglycerides and C-reactive protein, lower levels of HDL, silent myocardial ischemia, neuropathy, peripheral arterial insufficiency, myocardial infraction, macrovascular disease, abnormal myocardial perfusion among others [@B17], [@B29], [@B30].

Elderly people who practice exercises regularly have a better health status and improved functioning; additionally, they can present a 35% reduction of hospitalization, as well as 37% decrease of total health costs [@B29]. In summary, exercise practice can reduce the risk for T2D in adults and elderly, even in the presence of excess of general or central adiposity [@B3], [@B11], [@B14], [@B15], [@B22], [@B26]. Therefore, exercise has been considered a primary prevention, low cost and non-pharmacological strategy that can be used in public health initiatives to prevent diabetes in managed care and community setting [@B1], [@B22], [@B29]. Health professionals should encourage individuals of all ages to maintain an active life-style that can attenuate the negative physiologic changes that accompany advancing age, leading to T2D.

The main limitation of this study was that the prevalence of T2D was self-reported. Since diabetes is self-reported, we may be missing cases that are not yet diagnosed. If anything, this would result in an underestimate of the true effect. In addition, considering that this study is cross-sectional it is not possible to provide evidences for causality from our results.

5. Conclusions
==============

A direct positive association was found between general and central adiposity, as well as an inverse relation between CRF and exercise practice with T2D. Our findings support that elderly women who practice exercise regularly have lower odds to had T2D. For this reason, health professionals should develop new strategies for primary and secondary prevention for T2D, such as to encourage individuals of all ages to engage on regular exercise practice, which could reduce body fatness and may be beneficial in reducing the prevalence of T2D in older ages.
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###### 

Univariate regression analysis models for type 2 Diabetes according to general and central adiposity groups.

                                            T2D (%)              Model 1 OR (95%CI)                                       Model 2 OR (95%CI)                                       Model 3 OR (95%CI)
  ----------------------------------------- -------------------- -------------------------------------------------------- -------------------------------------------------------- --------------------------------------------------------
  BMI Normal Overweight Obese               9.1 14.6 22.3        1.0 1.69 (1.02-2.82) 2.83 (1.71-4.69)                    1.0 1.59 (0.95-2.66) 2.55 (1.52-4.28)                    1.0 1.52 (0.90-2.55) 2.28 (1.35-3.85)
  WC (cm) ≤ 80 80.1-86.9 87.0-93.9 ≥ 94.0   6.6 14.1 19.0 24.7   1.0 2.31 (1.29-4.12) 3.29 (1.85-5.86) 4.60 (2.63-8.03)   1.0 2.15 (1.20-3.85) 3.05 (1.70-5.46) 4.05 (2.30-7.14)   1.0 2.10 (1.17-3.78) 2.89 (1.60-5.19) 3.76 (2.12-6.68)

Model 1 -- adjusted for age

Model 2 -- adjusted for age and confounders (socioeconomic status, hypertension, family history for CVD and smoking status)

Model 3 -- Adjusted for age, confounders, EPA and CRF

###### 

Univariate regression analysis models for type 2 Diabetes according to cardiorespiratory fitness and exercise practice groups.

                                                      T2D (%)               Model 1 OR (95%CI)                                       Model 2 OR (95%CI)                                       Model 3 OR (95%CI)                                       Model 4 OR (95%CI)
  --------------------------------------------------- --------------------- -------------------------------------------------------- -------------------------------------------------------- -------------------------------------------------------- ----------------------
  CRF (m) \> 490.2 431.1-490.1 330.9-431.0 \< 330.8   10.4 12.0 19.6 21.0   1.0 1.18 (0.67-2.07) 2.11 (1.26-3.53) 2.30 (1.37-3.84)   1.0 1.17 (0.66-2.05) 1.98 (1.18-3.34) 2.19 (1.30-3.58)   1.0 1.12 (0.63-1.99) 1.85 (1.08-3.15) 2.09 (1.21-3.58)   \- - - -
  EPA Active Inactive                                 13.9 16.5             1.0 1.18 (0.75-1.85)                                     1.0 1.22 (0.77-1.92)                                     \- -                                                     1.0 1.56 (0.97-2.52)

Model 1 -- adjusted for age

Model 2 -- adjusted for age and confounders (socioeconomic status, hypertension, family history for CVD and smoking status)

Model 3 -- Adjusted for age, confounders, EPA, BMI and WC.

Model 4 -- Adjusted by age, confounders, BMI and CRF.
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